The effects of sorts' differences in postharvest ripening of three different wheat cultivars (KG 56, Florida 302, 
Introduction
Fresh harvested cereal seeds are physiologically immature and slowly germinating. Such seeds begin germination in natural conditions only if they survive a certain period in which process of ripening has been finished. A prolonged harvest with longer rainy periods and high level of moisture affect the seeds of some wheat cultivars (Triticum aestivum l.) germinating in spike. it has negative effects on the yield and technological value of wheat (5) .
this phenomenon is less common in more dormant cultivars if compared with the less dormant ones. Premature germination of dormant seeds depends on internal block to germination, which arises after a definite period of rest, particularly in storage conditions. Seed dormancy has been defined as the failure of an intact, viable seed to complete germination under favorable conditions (2, 4) . Dormancy and ripening are genetic properties influenced by temperature of storage (16, 19) .
After-ripening is a process which must occur in an embryo and appears in the course of time and cannot be caused by known means, but only by favourable storage conditions (10) . After-ripening may also be defined as a process in which seeds undergo the events from successive reduction of dormancy until the complete loss of it (3) . Dormancy and ripening are genetic traits which are both controlled by external factors. Among the genetic factors, cultivars' differences in structure and colour of ear and seeds' characteristics (shape, size, and colour) may produce important effects on intensity of dormancy and ripening (3) . environmental factors, especially the temperature of storage, have considerable effects on the length and rate of seed ripening. namely, they break dormancy (16) . Some dormant wheat cultivars germinate only over a narrow temperature range, while out of it they are dormant. Such cultivars show relative dormancy (6) .
Gibberellic acid is known to break dormancy of several types of seeds, such as after-ripened seeds (storage at room temperature in dry conditions). A biochemical reaction known to be enhanced by GA is the synthesis of hydrolases (especially α amylase) in the endosperm of cereal grains. Its breakdown is generally assumed to be an essential process of germination (15) . GA stimulates seed germination via amylase synthesis (8) . Also, nitrate (such as KNO 3 ) clearly stimulates the germination of dormant seeds (1) . The effect of KNO 3 was discovered when it was proven that the Knop's solution encourages germination of some plant species. Later, it was confirmed that potassium nitrate interacts with light and temperature.
Ancymidol belongs to the group of growth retardants. In contrast to other inhibitors of early GA synthesis (CCC, AMO-1618), the major site of ancymidol activity is well known and it is the three-step oxidation of ent-kaurene to ent-kaurenoic acid (7, 18) . the aim of this study was to examine the effects of temperature and length of storage on the rate of ripening and level of dormancy of different wheat cultivars and Triticale in presence of plant growth regulators (gibberellic acid, potassium nitrate) and inhibitors (ancymidol). o c. the length of storage was limited to 90 days. in that period seed germination was examined three times: immediately after the harvest, then 45 days and 90 days after the harvest, respectively. the seeds of wheat from three spikes were placed in Petri dishes. in this way, not only a limited number of chosen seeds, but all the seeds from the whole spike were examined.
THE EFFECTS OF TEMPERATURE, LENGTH OF STORAGE AND PLANT GROWTH REGULATORS ON GERMINATION OF WHEAT (TriTicum aesTivum L.) AND TRITICALE SEEDS
After the period of ripening, seeds germinated under the temperature regimes of: 10 o c, 20 o c and 30 o C. The influence of these temperatures was limited to twelve days. the effect of plant growth regulators was investigated using gibberellic acid (10 -3 μg/ml) and the solution of potassium nitrate in the same concentration. the effect of growth inhibitors was investigated using ancymidol in concentration 10 -5 μg/ml. The obtained values express the average percentage of germination in three simultaneous experiments with standard error (Se max =1.7). in every experiment we used at least 400 seeds.
Results and Discussion
An exceptionally low percentage of germination, noticed immediately after the harvest (without storage), and a considerably greater percentage registered 90 days after the harvest, showed that cultivar Florida 302 expressed the greatest level of dormancy. A greater percentage of germination was registered at 10 o c, independently of the length of storage.
the greatest percentage of germination of this cultivar was at 10 o c after the ripening period of 90 days (93%, o C the addition of GA 3 significantly increased the percentage of germination of all the cultivars and it was between 94 and 100% ( Table 4 ).
The effect of KNO 3 on seed germination Potassium nitrate had a stimulatory effect on the germination of wheat cultivars, but if compared to GA 3 its effect was somewhat lower ( Table 5 and Table 6 ).
After the harvest, KNO 3 particularly increased seed germination of Florida 302. this effect was manifested at all three germination temperature regimes. c. Potassium nitrate also had a significant effect on a-21 sort. no effect of this compound was manifested on other sorts.
The Effect of ancymidol on seed germination the results showed that ancymidol did not show any inhibitory effects against seed germination of wheat and Triticale. the percentage of germination was slightly different from the one in the control group, with an exception to some extent the KG-56 sort. this effect is shown in Table 7 .
Seeds of some wheat cultivars in the harvest period extended their germination while still in spike because of the long rainy periods and high humidity. this has a great impact on the reduction in yield decline and technological value of seeds. Dormant sorts of wheat are resistant to this climatic occurrence (6) . Freshly reaped corn seeds are physiologically immature and germinate slowly. After-harvest ripening is one of the most complex phenomena in the life of seeds, and its intensity is different for different species and cultivars. the length of after-harvest ripening depends on conditions of formation of seeds, ripening, and harvest and after-harvest processing of seeds (20) .
the obtained results show that all the examined wheat cultivars and Triticale undergo relative dormancy, because they germinate better at lower temperature, while dormancy appears at higher temperature. in addition, considerable
TABLE 4
Germination of wheat and triticale seeds using gibberellic acid in dependence of the temperature of storage, length of storage and temperature of germination )  10  20  30  10  20  30  10  20  30  10  20  30  Florida 302  76  29  28  84  72  51  89  64  25  96  92  82  A-21  97  90  48  88  90  69  94  97  35  98  98  97  KG-56  97  62  20  97  97  83  87  61  56  99  96  94  Triticale  98  73  27  100 83  79  100 74  72  100 98  95 differences appear among cultivars regarding the effect of storage temperature and the length of postharvest ripening. lower percentage of germination in harvest period was characteristic for all the examined cultivars. A lower sprouting of freshly collected seeds may be explained in different ways: as a consequence of the effect of different compounds, the lack of conditions necessary for germination, insufficient hydrolytic activity of enzymes, poor permeability of the seed coats etc. Postharvest ripening appears only if processes of synthesis overcome the hydrolytic ones. this seed is ripe only at positive temperatures when germination energy increases and non protein matters decrease.
It is evident that significant differences appeared in activity at two storage temperatures and it may be concluded that the storage temperature of 20 o c was more effective for seed germination for all the sorts than lower temperatures, e.g. 5 o c. the effect of these temperatures was proportional to the length of after-harvest ripening, but reversed with the temperatures of germination. to interrupt dormancy, Florida 302 cultivar needed after ripening of 90 days at temperature of 20 o c, while a-21, KG-56 and Triticale cultivars needed 45 days at the storage temperature of 5 o c. the length of after-ripening period for winter wheat in the central Balkans is very important. if the after-ripening period is too long, seeds will not germinate uniformly, resulting in poor stands; preharvest sprouting may occur if the after-ripening period is so short (13) . Preharvest sprouting caused by moisture conditions is a direct effect of weather (9) .
Conclusions
the date of postharvest ripening could help to determine the optimal sowing-time. the determination of environmental factors can improve germination and selection of corresponding cultivars. high quality seed is essential for establishing productive stands of wheat. Seed should have a high germination percentage, test weight and purity. the absence of any of these attributes likely will cause poor emergence of seedlings and low yields of grain (9) . GA 3 had a large effect on the germination of wheat and Triticale seeds particularly at temperatures that were unfavorable for germination in water. the strongest effect of GA 3 was manifested immediately after the harvest and the weakest one-after 90 days of storage. it can be concluded that the seeds break dormancy faster under the influence of GA 3 and its effect after the storage is equal to the ripening effect. The most stimulatory effect of GA 3 was manifested at Florida 302 which appeared the most dormant sort, and the lowest one at KG-56 sort with the least dormant seeds.
The supportive effect of GA 3 at the end of dormancy has been known since 1969 when the concept about selective role of phytohormones in breaking dormancy originated (14) . This concept was also confirmed with the wheat cultivars investigated in this experiment. the most important role of gibberellin during germination is induction of synthesis of α-amylase. This enzyme breaks down starch in the endosperm of grains. So, energy which is necessary for all metabolic processes is released and in the same time the substrate for respiration is prepared. A similar effect on the seed germination was manifested by use of potassium nitrate. This was confirmed by the fact that nitrate clearly stimulated the germination of dormant seeds (1) .
Ancymidol belongs to the group of growth retardants since it inhibits the synthesis of gibberellin. the inhibitory effect of ancymidol on germination has been proved by some positive photoblastic seeds as Paulownia tomentosa (12) and valeriana officinalis (11) . however, the seeds of wheat cultivars that were examined in this experiment were not inhibited by ancymidol and they germinated in a very similar percentage 
